SYNOPSIS. Despite an immense amount of variation in organisms throughout the animal kingdom many of their genes show substantial conservation in DNA sequence and protein function. Here we explore the potential for a conserved evolutionary relationship between genes and their behavioural phenotypes. We investigate the evolutionary history of cGMP-dependent protein kinase (PKG) and its possible conserved function in food-related behaviours. First identified for its role in the foraging behaviour of fruit flies, the PKG encoded by the foraging gene has since been associated with the maturation of behaviour (from nurse to forager) in honey bees and the roaming and dwelling food-related locomotion in nematodes. These parallels encouraged us to construct protein phylogenies using 32 PKG sequences that include 19 species. Our analyses suggest five possible evolutionary histories that can explain the apparent conserved link between PKG and behaviour in fruit flies, honey bees and nematodes. Three of these raise the hypothesis that PKG influences the food-related behaviours of a wide variety of animals including vertebrates. Moreover, it appears that the PKG gene was duplicated some time between the evolution of nematodes and a common ancestor of vertebrates and insects whereby current evidence suggests only the for-like PKG might be associated with food-related behaviour.
Both the sequence and function of many genes are conserved across the animal kingdom. This suggests that the functions of these genes are maintained despite a wide array of selection pressures experienced by different organisms. Many of these highly conserved genes are ''vital'' and often play crucial roles in development. As a result, mutations that strongly affect the function of their proteins are rarely propagated. Recent advances in the field of evolutionary developmental biology (evo-devo) have revealed that the now famous homeotic gene complex (Hox), which controls bilateral symmetry during development, is indispensable for the growth of most animals (Carroll, 1995; Gellon and McGinnis, 1998; Callaerts et al., 2002) . The conserved employment of Hox genes suggests an ancient evolution for the role of this gene family in development. Conservation of gene function on this grandiose scale is becoming generally accepted for some developmental genes but is this conservation also true for genes that influence behaviour?
Genes have been identified that affect behavioural traits such as foraging, courtship, learning and memory, and circadian rhythms (reviewed in Wahlsten, 1999; Baker et al., 2001; Sokolowski, 2001; Bucan and Abel, 2002; Peixoto, 2002; Rankin, 2002) . Most behaviour genetic analyses have been conducted on organisms with extensive genomic resources such as the nematode (Caenorhabditis elegans), the fruit fly (Drosophila melanogaster), and the mouse (Mus musculus). Research from model genetic organisms can inform us of candidate genes to be investigated in additional organisms. One requirement of this ''candidate gene'' approach is that the gene of interest, and its 1 From the Symposium Recent Developments in Neurobiology presented at the Annual Meeting of the Society for Integrative and Comparative Biology, 4-8 January 2003, at Toronto, Canada. 2 E-mail: msokolow@utm.utoronto.ca function, is conserved across a number of species. The candidate gene approach is valuable when the gene's function is conserved across model and non-model organisms. Indeed, it is important to perform a comparative analysis of gene function in behaviour since model genetic organisms alone do not adequately represent the diversity of species studied by animal behaviour researchers. Below we review examples of behaviours known to have a common genetic basis in multiple animals.
The period (per) gene first identified in the fruit fly D. melanogaster (Konopka and Benzer, 1971 ) has conserved function. Mutations in per cause various alterations in rhythmic behaviour (e.g., aberrant circadian locomotion activity rhythms) when compared to the approximate 24-hour activity rhythms of normal flies. For example, the short mutant (per s ) has a reduced period (19 hr), the long mutant (per l ) has an extended period (28 hr), and per o mutants exhibit arrhythmic behaviour patterns. The insertion of a per transgene isolated from the house fly, Musca domestica, can restore normal circadian rhythmicity in per mutant fruit flies (Piccin et al., 2000) . per is also involved in the circadian behaviour of species such as mice (Zheng et al., 1999) , humans (Toh et al., 2001) , honey bees (Toma et al., 2000; Bloch et al., 2001) , melon flies (Miyatake et al., 2002) , and tephritid flies . Interesting evidence for the conservation of per's role in behaviour also comes from human research. Toh et al. (2001) identified the genetic mutation contributing to a familial advanced sleep phase syndrome (FASPS). Individuals suffering from this affliction consistently fall asleep in the early evening and wake in the early hours of the morning regardless of their work schedule and life's infringements. The authors use linkage analysis to identify the gene segregating in a family associated with this syndrome and the FASPS phenotype was mapped to one of the human period genes (hPer2). Intriguingly, the mutation in hPer2 is a single base change causing the substitution of serine with glycine at position 2106. Thus, this mutation in the human per homolog causes a phenotype that is strikingly similar to that of the per s mutant flies, implying a conserved structure and function.
Another example evaluates the functional significance of species-specific differences within a single gene. The gene no-on-transient A (nonA) is involved in the vision and male courtship song of D. melanogaster (see references in Sandrelli et al., 2001) . Transplanting the nonA gene from the related species D. virilis into D. melanogaster restores the visual phenotype of nonA demonstrating a conserved function for this gene in the vision of both species . Although the courtship song sung by these transgenic males resembles D. melanogaster, it also includes some characteristics of D. virilis song. Therefore, a single gene from one species (D. virilis) induces species-specific components of its courtship song in a second species (D. melanogaster) despite many underlying genetic differences between the two species. These results suggest that nonA serves similar functions in both species (vision and courtship song) and also conveys species-specific information in the song. The conservation of nonA function in other organisms remains to be determined.
Recent reports suggest that foraging (for) which encodes a cyclic GMP-dependent kinase (PKG), may have a conserved role in the food-related behaviours of various animals (briefly reviewed in Sokolowski, 1998 Sokolowski, , 2002 Schafer, 2002) . Specifically, homologs of the PKG encoded by the for gene have been linked to food-related behaviours in fruit flies (Osborne et al., 1997) , honey bees , and nematodes (Fujiwara et al., 2002) . Below we introduce the known conserved functionality of PKG in the three aforementioned species. This is followed by evolutionary inferences using phylogenies constructed from various PKG proteins. We suggest PKG as a candidate for researchers interested in studying food-related behaviours in a variety of organisms. Sokolowski (1980) discovered that fruit fly larvae in nature exhibit one of two foraging strategies. ''Rover'' larvae travel long distances while feeding and often leave a food source in search of another. Conversely, ''sitter'' larvae travel shorter distances and remain on a food source once it is encountered. These behavioural differences reflect foraging and not general locomotion since rovers and sitters move similar distances in the absence of food. Adult flies are also dimorphic in their foraging behaviour since rovers walk further after eating than sitters (Pereira and Sokolowski, 1993) . Differences in rover and sitter behaviour are attributable to a single major gene called foraging (for) that is located on the 2nd chromosome at polytene position 24A3-5 (de Belle et al., 1989) . The rover allele (for R ) is genetically dominant to the sitter allele (for s ) (de Belle and Sokolowski, 1987) . Both rovers and sitters are found in natural populations such that phenotypic variation is typically 70% rover (for R homozygotes and heterozygotes) and 30% sitter (for s homozygotes) (Sokolowski, 1980; Sokolowski et al., 1997) . Sokolowski et al. (1997) provide evidence for the evolution of the rover/sitter behavioural polymorphism via density-dependent selection. Rovers are favoured in high density environments and sitters are favoured in low density environments. During molecular characterization and cloning, Osborne et al. (1997) discovered that for is analogous to a previously described gene called dg2 which encodes one of two PKG genes in D. melanogaster (Kalderon and Rubin, 1989) . for is a large gene (approximately 40 kb of genomic DNA) and is alternatively spliced into three major transcripts (for T1, T2, & T3). A cGMP binding domain and a kinase domain are common to all transcripts of for such that the 5Ј regions make the transcripts unique (Kalderon and Rubin, 1989; Osborne et al., 1997) . The T1 and T3 transcripts contain dimerization and regulatory domains which are absent in T2. Rovers typically have higher transcript abundance and PKG activity levels relative to sitters (Osborne et al., 1997) . Using transgenic flies, sitters can be turned into rovers by providing more PKG (Osborne et al., 1997) . The spatial and temporal requirements for the expression of for in rover and sitter behaviour are currently under investigation. In summary, naturally occurring variation in the foraging behaviour of fruit flies can be explained by genetic variation at the for locus.
PKG AND FOOD-RELATED BEHAVIOUR

Fruit flies
Honey bees
Ben extended the findings of Sokolowski and colleagues to the honey bee (Apis mellifera) by demonstrating a role for PKG in the behavioural transition from nurse to forager. Nurse bees, which distribute food within the hive, have lower PKG activity levels and lower abundance of Amfor RNA (the honey bee ortholog of for). This is similar to sitter fruit flies that forage close to home. In contrast, forager bees, which leave the hive in search of food, have higher PKG activity levels and higher RNA abundance much like rover flies that forage by moving from food patch to food patch. Nurses and foragers also differ in phototactic behaviour where nurses are negatively phototactic (avoid light) and foragers are positively phototactic (attracted to light) (Ben-Shahar et al., 2003) . Aside from their different tasks, nurses also differ from foragers with respect to their age. Nurses are much younger than foragers. However, the differences in RNA abundance and PKG activity leading to changes in division of labour are not age-dependent . Using single cohort colonies, nurse-aged bees can be induced to forage at an earlier age than normal (precocious foragers) and subsequently show an increase in RNA abundance and PKG activity. Therefore, nurses and precocious foragers are the same age yet they have different levels of PKG activity and RNA abundance. This demonstrates a correlative relationship between PKG and a honey bee's task in the hive (nurse or forager).
To demonstrate a causal relationship between PKG and task, young bees fed 8-Br-cGMP, an activator of PKG, began to forage . The proportion of foragers is dependent on the dose of 8-Br-cGMP fed. This feeding treatment increases PKG activity levels showing that the change in behaviour is a PKG-specific phenomenon (control treatments with a cAMP analogue have no effect on the percentage of foragers or on PKG activity levels). In the honey bee head, Amfor is found in the optic lobes and mushroom bodies. Mushroom body expression is found primarily in certain Kenyon cell fibres known to play a role in honey bee vision.
The work of Ben-Shahar et al. (2002) offers two important contributions: 1) it shows that candidate genes from model organisms can be used to probe the genetic underpinnings of behavioural plasticity in additional organisms, and 2) it reveals that for is used differently in fruit flies than in honey bees. In the fly, rover and sitter behaviour arises from allelic variation in for likely maintained as a balanced polymorphism in natural populations. In the honey bee, Amfor is upregulated causing the transition from nurse to forager. Consequently, for is involved in two mechanisms of PKG-regulated behaviour-genetic variation in fruit flies and changes in gene regulation leading to behavioural plasticity in the honey bee. Despite potentially different modes of gene action, the for gene has a conserved role in food-related behaviours in both species. Evolutionary changes in gene regulation are widely recognized in developmental biology as causing major shifts in animal body plan and morphology (reviewed by Carroll, 2000) . In a recent review, Robinson and Ben-Shahar (2002) suggest that changes in gene regulation might be involved in the evolution of social behaviour across the animal kingdom. This is supported by evidence showing that alterations in the regulation of Amfor result in the behavioural transition from nurse to forager . Whether functional genetic variation in Amfor in honey bees exists or whether for is differentially regulated during foraging across the life history of the fruit fly are both unknown.
Nematodes
The PKG molecule encoded by the gene elg-4 has recently been shown to influence food-related behaviours in the nematode worm, C. elegans. Nematode locomotion is categorized into two types: roaming and dwelling. Roaming is defined by long distances of uninterrupted locomotion and dwelling involves short distances and frequent stops. Using egl-4 knock outs, Fujiwara et al. (2002) show that decreasing PKG causes an increase in roaming behaviour on food. The roamer and dweller phenotypes are reminiscent of rover and sitter fruit flies and nurse and forager honey bees. However in C. elegans, mutational analysis suggests that less PKG causes more roaming than dwelling. Hence, the regulation of foraging behaviour in fruit flies, honey bees, and nematodes differs, yet PKG weaves a common thread through these organisms. In a screen for suppressors of locomotion, the authors discover that reductions in roaming behaviour are correlated with a decrease in cilium structure leading to the hypothesis that sensory perception influenced by ciliated sensory neurons may be regulating the transition between roaming and dwelling. In another paper, egl-4 is uncovered as a suppressor of mutations that affect deficiencies in olfactory adaptation behaviour in C. elegans (L'Etoile et al., 2002) . Here, mutants in egl-4 which have reduced PKG expression show defects in the long-term regulation of olfactory behaviours. Specifically, olfactory adaptation involves pre-exposing the animals to an odour for one hour prior to testing olfactory behaviour (L'Etoile and Bargmann, 2000) . Where normal worms respond by showing reduced chemotaxis to the adapted odour, egl-4 mutants are indistinguishable from their pre-adaptation scores. Phosphorylation of a cGMP-gated ion channel encoded by tax-2 partly rescues olfactory adaptation behaviour. Inserting a serine at position 727 of TAX-2 causes aberrant behaviour whereas changing the serine to alanine results in a full rescue of normal olfactory adaptation behaviour (L'Etoile and Bargmann, 2000). These mutational analyses in C. elegans have identified new functions for PKG.
There also exists a natural polymorphism in the feeding behaviour of C. elegans. Some individuals form aggregations while feeding (''social'') and others remain solitary (de Bono and Bargmann, 1998). Moreover, aggregating strains move slowly when feeding (like sitter flies) whereas strains that are solitary move faster (like rover flies). As with fruit flies, this behaviour is dependent on the presence of food. These naturally occurring behavioural differences are attributed to variation in the gene npr-1, which encodes a G protein-coupled receptor similar to the neuropeptide Y (NPY) receptors found in mammals. Natural aggregating strains differ from solitary strains by only a single amino acid at position 215 of NPR-1. Aggregating strains have a phenylalanine (NPR-1 215F) and solitary strains have a valine (NPR-1 215V). Insertion of an NPR-1 215V transgene into aggregating strains causes them to behave like solitary strains. By aligning the C. elegans NPR-1 protein sequence with three related Caenorhabditis species, it appears as thought the phenylalanine is the ancestral state (Rogers et al., 2003) . Recent evidence suggests that solitary feeding is a result of the inhibition of aggregate feeding (Coates and de Bono, 2002) . Expressed in neurons, the solitary NPR-1 215V isoform is thought to antagonize a cGMP-gated ion channel encoded by the genes tax-2 and tax-4. Like mammalian NPY, nematode NPR is involved in the regulation of food related behaviours via the suppression of various neurons (Cowley et al., PKG AND BEHAVIOUR 2001) . de provide additional evidence regarding the neural mechanism contributing to this behaviour by demonstrating that ablation of the nociceptive neurons ASH and ADL in aggregating individuals causes them to remain solitary. Nociceptive neurons are involved in stress response and are hypothesized to induce the aggregate feeding behaviour when detecting toxic chemicals. Food-related behaviours in C. elegans involve aggregate vs. solitary feeding and roaming vs. dwelling. The former is regulated by a neuropeptide-Y-like receptor and the latter is influenced by PKG. It is not known whether npr-1 and egl-4 interact to affect foraging behaviour in C. elegans or whether npf, the npy homologue in fruit flies, known to play a role in feeding behaviour (Shen and Cai, 2001) , interacts with for to affect rover and sitter behaviour.
THE CGMP-DEPENDENT PROTEIN KINASE
The cyclic GMP-dependent serine/threonine protein kinase is activated by cGMP (Butt et al., 1993) . The kinase region of PKG is very similar to that in PKA (a protein kinase mediated by cAMP). Much is known about the neural and genetic function of PKA (reviewed in Taylor et al., 1990) whereas the role of PKG is much less resolved. This is thought, in part, to be due to the fact that cGMP is 10 to 100 times less abundant than cAMP making it more difficult to study (see Wang and Robinson, 1997) . In general, the PKG protein consists of an N-terminal dimerization domain, a regulatory domain, one or two cGMP binding domains, and a kinase domain that contains an ATP binding site and a catalytic site. Mammals possess two PKG-encoding genes: type I (cGKI) and type II (c-GKII). Although the kinase domains of these proteins are very similar, there are differences in the amino terminal residues (reviewed in Lohmann et al., 1997) . cGKI is soluble and is generally found in the brain along with smooth muscle cells, cardiac cells, endothelial cells, and lymphocytes with high expression in the Purkinje cells. In addition, many vertebrates contain two isoforms of cGKI-␣ and ␤. cGKII is membrane bound (insoluble) and is found in the intestinal mucosa, kidney, bone, and brain with a different brain expression patterns than cGKI. Mice lacking cGKII are dwarfed (Pfeifer et al., 1996) . Mice lacking cGKI suffer from vascular and gastric problems (Pfeifer et al., 1998; Ny et al., 2000) , erectile dysfunction , urinary problems (Persson et al., 2000) , and heart problems (Wegener et al., 2002) .
PKG genes have been isolated from various animals spanning a wide variety of taxa ranging from humans (Sandberg et al., 1989) to even the malaria-causing protozoan Plasmodium falciparum (Gurnett et al., 2002) . Given the recent availability of these and other PKG sequences we decided to use phylogenetic analyses to explore the relationship between PKG and food-related behaviours. Even though at present we can only map the food-related behaviours of three species onto the phylogeny, our results generate hypotheses for future research avenues.
EVOLUTIONARY ROLE OF PKG IN BEHAVIOUR Methods
Using multiple search methods (BLASTp, tBLASTx, and nomenclature searches) we obtained 32 PKG protein sequences nested within 19 species available as of March 2003 (Table 1) . Protein sequence alignments from the conserved kinase domains and remaining carboxyl terminal residues (approximately 350 amino acids) were made using the default settings of CLUSTALX followed by minor editing and verification by hand (Higgins and Sharp, 1988; Thompson et al., 1997) . Kinase domains were determined with reference to that of the D. melanogaster FOR protein (also known as DG2; see Kalderon and Rubin, 1989) . Evolutionary relationships were determined using phylogenetic distance methods. Neighbour joining trees (Saitou and Nei, 1987) were constructed in MEGA v 3.0 (Kumar et al., 2001) using Amino: Poisson correction treating gaps as complete deletions. We also performed 5000 bootstrap replications to determine support for the nodes. Bootstrapping is a resampling technique that is used to estimate confidence for the placement of nodes in phylogenetic trees (Page and Holmes, 1998) . Bootstrap values range from 0 to 100 where higher values indicate low sampling error and therefore higher support for those nodes.
RESULTS AND DISCUSSION
The resultant phylogeny is shown in Figure 1 . There exist two major clades. The first contains protozoans (Apicomplexa) and the green alga (Viridiplantae) The second clade contains the metazoans ranging from hydra to humans and includes the three organisms known to use PKG in their food-related behaviours. This same topology was recently recovered in a large kingdomlevel phylogeny constructed using combined protein sequences (Beldauf et al., 2000) . In order to better resolve the metazoan clade, we removed both the Apicomplexa and Viridiplantae and constructed a new alignment. A tree with similar topology as in Figure 1 was recovered and the bootstrap support values were generally increased (Fig. 2) . Within the metazoans included in our tree, the PKG from hydra is the most ancestral followed by C. elegans. The remaining sequences (insects and vertebrates) together form a large clade that is itself separated into two subclades. This suggests that an ancestral PKG gene was duplicated some time following the evolution of C. elegans and before the radiation of insects and vertebrates (Jarchau et al., 1994; this paper) . Within each clade of duplicates there is a separation between the insects and vertebrates. All of the vertebrate cGKI sequences are most closely related to each other followed by the insect sequences including AMFOR from the honey bee and FOR from the fruit fly-both of which are implicated in behaviour. The vertebrate cGKII sequences group together and include DG1 from the fruit fly along with a putative cGKII-like gene from the mosquito. Therefore, although PKG proteins in insects and vertebrates have evolved as expected in the tree of life, the cGKIlike proteins remain more similar to each other than any are to cGKII-like proteins and vice versa. For those species in the metazoan clade where only one copy of a PKG gene is shown we offer two explanations: 1) they have since lost one copy of the gene, or 2) the second copy has not yet been identified. It should be noted that a second PKG has been identified in C. elegans that is currently being cloned and characterized (see Stansberry et al., 2001) . In addition, our tBLASTx searches revealed what appear to be an additional PKG in Bombyx mori and two putative PKGs in D. pseudoobscura. Preliminary searches within the honey bee EST library have not revealed a second PKG (Y. Ben-Shahar, personal communication) but this will be further investigated once the honey bee genome sequencing project is completed.
Current evidence suggests the link between PKG and food-related behaviour is located within the metazoans. It is possible that prokaryotes and/or protozoans also show this link but it has not yet been investigated. Our PKG phylogenies imply five possible evolutionary histories that generate equally well the PKG-behaviour association pattern shown here. Firstly, the PKG-behaviour link may have evolved once, in a common ancestor of nematodes, insects, and vertebrates (mode A in Fig. 2) . This model predicts a widespread link between PKG and behaviour inherent to most vertebrates and invertebrates unless the association has been lost in some lineages. Secondly, the link may have evolved twice independently; once in nematodes, and again in an ancestor of vertebrates and insects (i.e., before the duplication) (mode B in Fig. 2 ). Under this model we would predict that PKG would influence the behaviour of many vertebrates and insects unless some lineages have lost the behavioural association. Thirdly, the link may have again evolved twice independently; once in nematodes and then again in an ancestor of vertebrates and insects within only the cGKI copy (mode C in Fig. 2) . Here, we would predict a widespread association between cGKI-type PKGs and behaviour in both vertebrates and insects. Fourthly, the link may have evolved twice; in nematodes and again in an ancestor of insects within cGKI (mode D in Fig.  2) . Under this assumption, we predict food-related behaviours of many insects and possibly other arthropods to be influenced by PKG but not vertebrates. Finally, the link may have evolved completely independently within nematodes, honey bees, and fruit flies and is possibly unique to these lineages (mode E in Fig. 2 ). This would lead to a punctuated association between PKG and behaviour. While we cannot currently refute the hypothesis of a single evolutionary link between PKG and behaviour, partial evidence to support the proposal that the association evolved twice (modes B-D) can be taken from the recent findings in nematodes. Increased levels of PKG have completely opposite effects in C. elegans compared to the fruit fly or honey bee. In nematodes, increasing PKG causes decreased movement on food (Fujiwara et al., 2002) . Conversely, higher levels of PKG in fruit flies and honey bees cause an increase in food-related foraging behaviour. In support of the possible widespread association between PKG and behaviour (modes A-D), molecules such as nitric oxide, nitric oxide synthase, and cGMP (which act upstream in PKG signalling cascades) are known to influence food-related behaviours in numerous animals ranging from hydra (Colasanti et al., 1997) to mouse (Morley et al., 1996 (Morley et al., , 1999 .
Efforts to untangle which of these evolutionary patterns is correct will require more data. Each hypothesis must be investigated preferably using an experimental approach (e.g., natural variants, mutants, knockouts, transgenics, and pharmacological approaches such as artificially increasing or decreasing PKG using 8-BrcGMP). More data on the association between PKG and behaviour in additional organisms within the metazoan clade will help resolve the evolutionary link between PKG and behaviour (e.g., humans, mice, fish, birds, molluscs, and other arthropods). The role of cGKII-like PKGs on behaviour is unknown and this includes DG1 from D. melanogaster. We must also begin to investigate the food-related behaviours of mammalian PKG knockouts in both cGKI and cGKII. This will help us determine whether food-related behaviours are unique to the cGKI-like PKGs along with determining if the association is found in the vertebrate lineage. The inclusion of the second PKG from C. elegans will help us better understand whether nematode PKGs have experienced the same evolutionary history as insects and vertebrates. Only after these key experiments have been completed can we begin to decipher the mechanism of evolution and the extent of the behaviour associations. Nevertheless, it is apparent that genes encoding PKG are important evolutionary targets for food-related behaviours.
In our quest to understand the mechanisms of behaviour we must consider merging insights by comparing various animal groups to complete the story. The conservation of various genetic and neuronal mechanisms across different animals suggests this comparison is not outrageous. In addition, the integration of evidence from different species sheds light on the evolution of neurobehavioural and neurogenetic mechanisms. Taken separately, the current evidence regarding the food-related behaviours of fruit flies, honey bees, or nematodes is far from complete. For example, we do not fully understand the neural mechanism underlying foraging behaviour in fruit flies or honey bees whereas in nematodes this is much better understood. We have no evidence concerning the selection pressures leading to the evolution of natural food-related behavioural variation in nematodes, however, this has been well characterized in fruit flies. By drawing parallels we can begin to dissect the role of PKG in behaviour. If the link between PKG and behaviour was established early in the evolution of modern animals then it is reasonable to use PKG as a can-didate gene for various food-related behaviours in other organisms. For example, PKG may influence behaviours such as the swarming of locusts and various other insects, the division of labour in other social animals (e.g., ants), foraging in fish and birds, and perhaps even food-related behaviours in mammals including humans.
The mapping of phenotypes such as behaviour onto their underlying gene and/or protein phylogenies is an excellent tool for generating evolutionary hypotheses. Moreover, this approach reveals gaps in the current body of knowledge which can motivate further experimentation.
